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exercise; fl-carotene; population study It has been reported that free radicals consume (l-carotene (Burton and Ingold 1984) . It is also found that physical activities increase free radicals and subsequent lipid peroxidation in human as well as experimental animals (Dillard et al. 1978; Davies et al. 1982 ). Singh (1992) suggested that antioxidants including f3-carotene may protect against damages caused by free radical production promoted by exercise. However few reports have clarified the relationship between physical activity and antioxidants in human (Rokitzki et al. 1989; Kanter et al. 1993) . In this study we investigated the relationship between frequency of hard physical activities and serum /3-carotene levels among samples from a cohort who were residents in a rural city of Japan.
MATERIALS AND METHODS
Six hundred persons were randomly selected from 36,990 residents aged 35 years and over in a rural city of Gifu prefecture, Japan. A recruiting mail was sent to each subject in May, 1992, and 192 persons whose occupations were various agreed to join the study. We collected information on their food consumption by 3-day food records and their physical activities by self administered questionnaire in summer, 1992. After excluding 51 persons with no information on at least one item and 10 persons with a history of cancer, we analyzed the data from 57 men (mean age = 57.8; S.D. =10.8) and 74 women (mean age = 54.6; S.D. =10.5). We also collected their blood samples at the same time.
The blood samples were centrifuged within 3 hr after the collection and the separated sera were stored at -80° C for one year. The concentrations of carotenoids of the sera were measured by high-performance liquid chromatography (Ito et al. 1987 ).
Frequency of hard physical activities was assessed by a single-item question: "How many times a week did you take part in vigorous physical activity (strenuous sports or work) long enough to work up a sweat last year ?" (Siconolfi et al. 1985) . This question was not restrict to specific works and sports. The subjects were classified into 4 groups according to each quartile of the frequency in the total subjects. In multiple regression analyses, the following scores were assigned to the frequency categories: none = 0; once =1; 2-3 times = 2.5; 4 times and over = 5.5.
The dietitians in our group indicated the subjects how to record 3-day records at their first visit in summer, 1992. Three days after the first visit, they visited the subjects again and checked each miswriting and supplemented the missing answers by interview. Nutrients intakes for each subject were calculated based on Japan Food Composition Tables, 4th edition (1982) . Other variables were collected from the questionnaire: age (coded as: <55 years old =0, > 55 years old =1), body mass index (BMI) (kg/m2), smoking status (coded as: never or ex-smoker =0; current smoker =1), mean alcohol consumption per day in the last year (coded as: 0 g/day pure ethanol= 0, > 0 g/day pure ethanol= 1), vitamin supplements use (4 times and over/week user of some kinds of vitamin supplements =1; others = 0), serum total cholesterol and serum triglycerides which were assayed by enzyme method.
In statistical analysis, Kruskal-Wallis test and Spearman correlation coefficients were employed. And the multiple linear regression analyses of the common log-transformed values of serum /3-carotene on variables described above were performed by sex. Since some previous studies had evaluated the variables of age, BMI, carotene intake, smoking status, alcohol consumption, vitamin supplements use, serum total cholesterol and serum triglycerides as the influential factors on serum /3-carotene (Roidt et al. 1988; Stryker et al. 1988 ), we also included them. Common log-transformed value was used for the variable of carotene intake and serum triglycerides, because it showed skew deviation. The analyses were carried out on a PC with the computer program of SAS Ver. 6.04 (1988).
RESULTS
A slightly declining trend of serum /3-carotene concentrations was observed with increase in frequency of hard physical activities in men (Table 1 ), but the difference was not statistically significant. Rank correlation coefficients between serum f3-carotene levels and frequency of hard physical activities were -0.15 (p = 0.28) in men and 0.07 (p=0.53) in women, respectively. The multiple regression analyses indicated significant negative partial correlation coefficient between serum /3-carotene levels and frequency of hard physical activities when controlled by the other potential confounding factors among men (Table 2) .
DISCUSSION
We found a significant negative partial correlation between serum f3-carotene levels and frequency of hard physical activities in men. The findings observed in this study suggest that frequent hard physical activities reduce serum /3-carotene levels.
Our results are inconsistent with a previous study (Siconolfi et al. 1985) , which failed to show a significant difference in serum fat soluble vitamins including f3-carotene between athletes (marathon runners, swimmers and etc.) and non athletes. There were some problems in the previous study. First, they did not use subjects representative of a community. Second, they did not control other factors like carotene intake, serum cholesterol, smoking and alcohol consumptions, which may affect serum /l-carotene levels. In addition, they did not measure the hard physical levels of physical activity. Although our findings were based on the average values in the previous year only, we found that limited intensity of physical activities indicated by frequency of strenuous sports or work reduce serum f3-carotene levels. We failed to find the trend in women as we did in men. The difference may be due to lower frequency of hard physical activities in women and also information on physical activities which we used in this study. The length or intensity of women's physical activity may not be so long or strong even if they reported to have hard physical activities. Objective assessment of physical activities should be included in future studies. It is also thought that the difference between men and women may due to the differences of food intakes except carotene intake and hormonal environment. It should be evaluated whether the other mechanisms related to sex affect the level of serum fl-carotene.
Other influential factors we included in the analyses showed almost consistent partial correlation with the previous studies (Roidt et al. 1988; Stryker et al. 1988) , so these findings support validation of this study. Serum j3-carotene may be consumed by deoxidizing free radicals which arise from usual hard physical activities. There is another possibility that hard physical activities inhibit absorption of /3-carotene from digestive tract. Indicators of peroxidation caused by free radicals should be measured (Lovlin et al. 1987) to clarify the mechanism which reduces /3-carotene among persons with frequent hard physical activities.
